In an effort to determine whether tropical adaptation influences circulating concentrations of the growth-related hormone IGF-I, 3-breed diallel matings were conducted using temperate Bos taurus (Angus), tropical Bos indicus (Brahman), and tropical Bos taurus (Romosinuano). Purebred Angus, Braham, and Romosinuano and crossbred Angus-Braham, AngusRomosinuano, and Braham-Romosinuano heifers and steers were evaluated in 2 separate calf crops from 2003 and 2004. Blood samples were obtained from 10 heifers of each breed group (n = 90) for each year at weaning and on d 0 and 84 of postweaning trials. Samples were also taken from 10 steers of each breed group (n = 90) at weaning and on d 0 and 60 of individual finishing phase feeding trials for each year. Concentrations of IGF-I were determined by RIA. Analyses included effects of sire breed, dam breed, year of record, the age of the dam of the calf in years, and interactions. Age of calf in days was investigated as a linear and quadratic covariate. Separate analyses were conducted for steers and heifers. The direct effect of Angus was to reduce (P < 0.03) heifer concentrations of IGF-I at d 84 and in the repeated measures analysis. In the repeated measures analysis, the direct effect of Romosinuano was to increase concentrations of IGF-I (P = 0.01). Relative to the temperate Bos taurus breed, plasma concentrations of IGF-I were numerically greater in male and female tropically adapted breed groups.
INTRODUCTION
Insulin-like growth factor-I is a polypeptide responsible for regulating a variety of cellular processes associated with growth. The peripheral blood concentration of IGF-I is a quantitative and heritable (h 2 = ~0.4) trait (Herd et al., 1995) that has been used successfully as a selection tool for improvement of economically important traits in pigs (Bunter et al., 2002) and sheep (Blair et al., 2002) . Serum and plasma concentrations of IGF-I have been linked to many economically important traits in beef cattle as well. Johnston et al. (2001) found favorable correlations between the circulating concentration of IGF-I and traits such as BW and carcass weight, carcass fatness, and the feed efficiency measurements of ADG and residual feed intake. This favorable link between IGF-I and feed efficiency has led to promotion of the concept that concentration of IGF-I can be used as an indirect predictor of residual feed intake (Wood et al., 2004) .
Several lines of research have demonstrated that circulating concentrations of IGF-I differ between breeds of beef cattle. Simpson et al. (1997) noted that concentrations of IGF-I differ between Brahman and Angus cows, with the Brahman breed exhibiting greater concentrations of the growth-related hormone. Our experiments examined the differences in circulating concentrations of IGF-I and estimated genetic effects between different breed groups of both temperate and tropically adapted beef cattle. In an effort to determine the effect of tropical influence on the growth variable IGF-I, phenotypes were evaluated from cattle produced by matings of temperate Bos taurus (Angus), tropical Bos indicus (Brahman), and tropical Bos taurus (Ro-mosinuano) cattle. Purebred and crossbred steers and heifers were evaluated in calf crops from 2003 and 2004.
MATERIALS AND METHODS
All management and procedures involving cattle were performed at the USDA-ARS Subtropical Agricultural Research Station (STARS) in Brooksville, Florida, as described by Riley et al. (2007) and were approved by the USDA-ARS STARS Institutional Animal Care and Use Committee.
Breeding Stock
Romosinuano cattle were imported as embryos from the Centro Agronomico Tropical de Investigacion y Ensenanza in Turrialba, Costa Rica, and from purebred breeders in Venezuela during the 1990s. The STARS Brahman herd was begun in the late 1940s with the purchase of animals from the J.D. Hudgins Ranch. The Angus herd was started in the early 1950s from other herds within Florida. A total of 42 bulls sired the calves used in this project. Romosinuano bulls (n = 16) were a result of Venezuelan embryo transfer. Brahman bulls (n = 12) were obtained from outside herds, primarily from Florida breeders. Of the Angus bulls (n = 14), 6 were born and raised in the STARS herd with the rest being obtained from Florida or Georgia breeders.
Breeding Design
Purebred Romosinuano, Brahman, and Angus cows were randomly assigned to each of the 3 management units comprising STARS and then separated into breeding herds of 25 to 30 cows (6 herds at each unit, each herd consisting of cows of all 3 breeds). Purebred bulls of each breed were randomly assigned to the single-sire breeding herds. Each year, the 90-d breeding season began on or near March 20. Each breeding herd was exposed to a different breed of bull every year. The mating design produced 9 breed groups of calves including 3 purebred groups and 6 crossbred groups (considering reciprocals as distinct groups; e.g., Brahman-sired calves out of Romosinuano dams and Romosinuanosired calves out of Brahman dams represented 2 of the crossbred groups). Purebreds [AA, BB, RR; the first and second letters in a pair indicate the breed of sire and dam, respectively, for calves in that breed group, where A, B, and R indicate Angus, Braham, and Romosinuano, respectively] and crossbreds (AB, BA, AR, RA, BR, and RB) from the 2003 and 2004 calf crops were evaluated.
Postweaning Management and Sample Collection
Calves were born from late December to early April in each year. All calves were weighed and tagged within 24 h after birth. Male calves were also castrated at this time. Each year, weaning occurred on unique dates during 3 consecutive weeks in September with each week being 1 of the 3 STARS management units. Calf age at weaning ranged from 154 to 274 d with an average of 229 d. Blood samples were taken from each animal at weaning. Approximately 9 mL of whole blood was collected via venipuncture using Sarstedt tubes containing EDTA (Sarstedt AG and Co., Numbrecht, Germany). Sample tubes were refrigerated on ice and subsequently centrifuged at 4°C at 2,000 × g for 30 m. Plasma was collected and stored at −20°C. After weaning, calves were maintained as a group for 3 or 4 wk, initially in pens and afterward on bahiagrass pastures. Calves were then separated by sex.
Heifers
All heifers were managed on bahiagrass pastures. Mixed bahiagrass and perennial peanut hay was offered free choice. A mixture of soybean hulls and molasses [75:25, 2.26 kg/(animal/d)] was given as a supplement to the hay. This feeding regimen began in October after adaptation from weaning and continued through the winter and spring until the last week of May in both years. Blood samples were collected on 2 dates: 1) when heifers were separated from steers approximately 4 wk after weaning (d 0; when feeding regimen for heifers started), and 2) 84 d after this time. Samples were collected and stored using the same procedures as described for samples at weaning.
Steers
Approximately 1 mo after weaning, all steers were shipped to the USDA-ARS, Grazinglands Research Laboratory in El Reno, OK (35°00′57.25′′ north latitude and 97°57′06.32′′ west longitude). Steers were placed in a grass pasture containing native grasses [big bluestem, Andropogon gerardii Vitman; little bluestem, Schizachyrium scoparium (Michx.) Nash; Indiangrass, Sorghastrum nutans (L.) Nash; and switchgrass, Panicum virgatum L.], and offered free choice access to bermudagrass hay. A 20% CP supplement [0.9 kg/animal/d)] was given in addition to the hay. At 24 h after arrival, the supplement was changed to 1.6 kg/(animal/d). After 5 d, each steer was fed its weekly CP supplement in 5 meals (Monday thru Friday). This feeding regimen was continued until the end of the 28-d receiving phase. Steers were then allowed to graze winter wheat pastures for approximately 5 mo. Upon completion of the 5-mo grazing period, steers were sorted to feedlot pens (n = 14) for the finishing phase (6 head per pen). The finishing ration was formulated to contain 13.6% CP, 84.1% TDN, 2.02 Mcal/kg of NE m , 1.33 Mcal/kg of NE g , 0.40% Ca, and 0.37% P. Blood samples were collected on 2 dates: 1) the beginning of the finishing phase feeding period (d 0) and 2) 60 d later. Samples were collected and stored using the same procedures as described for samples at weaning.
IGF-I RIA
Plasma samples (n = 540) from 10 heifers and 10 steers of each purebred and crossbred breed group from each calf crop were removed from storage for determination of concentration of IGF-I by RIA as described by Bilby et al. (1999) . The protocol included 2 modifications. The final primary antibody was diluted 1:120,000, and the goat-anti-rabbit secondary antibody was diluted 1:60. The IGF-I antibody used was antihIGF-I (AFP4892898, A. F. Parlow, National Hormone and Peptide Program, Torrance, CA). Unknown concentrations of IGF-I were calculated using Assay Zap software (Biosoft, Cambridge, UK) using counts per minute obtained from a Cobra II auto-gamma-counter (Perkin Elmer, Waltham, MA). Inter-and intraassay CV for heifer assays were 16.85 and 5.59%, respectively. Inter-and intraassay CV for steer assays were 6.52 and 6.09%, respectively.
Statistical Analyses
Data were analyzed using mixed linear models with the MIXED procedures (SAS Inst. Inc., Cary, NC). Fixed effects investigated in all analyses included sire breed, dam breed, year of record, the age of dam of the calf in years (3 levels: 3-and 4-yr-olds, 5-to 10-yr-olds, and cows older than 10 yr), and interactions. Age of calf in days was investigated as a linear and quadratic covariate. Fixed effects with F-ratios with P < 0.05 were kept for final analyses. Sire within sire breed was a random term in all models. Separate analyses were conducted for steers and heifers except for a single analysis of combined data at the time of weaning.
Two types of analyses were conducted. First, concentrations of IGF-I were analyzed separately by sampling day (i.e., considering samples on separate day as distinct traits). This entailed 3 separate analyses for heifers [weaning, approximately 4 wk after weaning (referred to as d 0 of the postweaning test period), and d 84 of the test period] and steers [weaning, d 0 (which was the start of the finishing phase), and d 60 of finishing phase]. Subsequently, data were analyzed modeling the residual correlation structure by sampling day (repeated measures analyses). In these repeated measures analyses, sampling day was modeled as a fixed effect and its potential interactions with the fixed effects listed above were considered. Procedures of Littell et al. (2002) were employed to determine the residual covariance structure.
As earlier noted , preliminary models were also used to assess source of Angus sire differences using a contrast of source means. A significant estimate of this contrast would require modeling of Angus as 2 distinct sire breed groups in final analyses: those from the research herd and those obtained from outside sources.
When a significant interaction of sire and dam breed was detected, contrasts of appropriate least squares means were constructed to estimate breed direct and maternal effects, and heterosis effects for each trait (Dickerson, 1973) . Maternal breed effects were estimated as the average difference between reciprocal crossbred groups. For example, the Romosinuano maternal effect was 1/2[(AR -RA) + (BR -RB)]. Direct breed effects for each breed were estimated as the purebred mean minus the maternal effect for that breed minus the average of the other 2 pure breeds. For example, Romosinuano = RR -1/2[(AR -RA) + (BR -RB)] -1/2[(AA+ BB)]. Estimates of breed direct effects sum to 0 within a trait, as do the estimates of breed maternal effects. Estimates of heterosis for pairs of breeds for each trait consisted of a contrast between the averages of the crossbred and purebred groups {e.g., the heterosis for Romosinuano and Brahman is 1/2[(RB + BR) -(RR + BB)]}.
RESULTS AND DISCUSSION
Final models differed slightly for steer and heifer data. No source of Angus sire differences was detected (P > 0.2) in any analysis; therefore, Angus was modeled as a single sire breed. Neither age of dam (P > 0.2) nor age of calf (P > 0.26) was retained in the final models. Year of record (P < 0.03) was retained in all final analyses. Sampling day was an important source of variation in repeated measures analyses of both heifer and steer data sets (P < 0.001). An effect of sex class on weaning concentrations of IGF-I was also observed (P < 0.0001). Mean concentration of IGF-I at weaning was 139 ± 10.63 ng/mL among steers compared with the heifer average of 106 ± 6.09 ng/mL. Sire breed and dam breed as main effects were important (P < 0.03) for all analyses except for d 0 steer concentrations of IGF-I (P = 0.49; Table 1 ). Romosinuano and Brahman sire and dam breed effects were to increase concentrations of IGF-I in the single analyses at weaning. Repeated measures analyses were similar because the tropically adapted breeds had greater concentrations of IGF-I.
The interaction of breed of sire and dam of calf was highly significant in the heifer data (Table 2) for d 84 concentrations of IGF-I (P < 0.001) and in the repeated measures analysis (P = 0.004), but was not retained in any other final model (P > 0.19). No other interaction term was important (P > 0.31). Single analyses of sire and dam breed effects were to increase concentrations of IGF-I at weaning and d 0. From the heifer data, Brahman was part of detected heterotic effects, but not the breed additive effects (Table 3) . Heterosis for Brahman-Romosinuano was 16.1% for concentrations of IGF-I on d 84 and 9.1% for the repeated measures analysis. To the knowledge of the authors, these are the first heterosis estimates for concentrations of IGF-I among these breedtypes. Consistent with genetic analyses results for other traits (Qiu et al., 2007; Riley et al., 2007) , detected heterosis estimates for Brahman-Angus were larger: 39.2 and 16.5% for this trait at d 84 and in the repeated measures analyses. These estimates were larger than those for production traits in cattle (e.g., Long, 1980; Wyatt and Franke, 1986 ), but of the same magnitude as those for plasma fibrinogen concentrations after stress in cattle (Qiu et al., 2007) . The direct effect of Angus was to reduce (P < 0.03) heifer concentrations of IGF-I at d 84 and in the repeated measures analysis. In the repeated measures analysis, the direct effect of Romosinuano was to increase concentrations of IGF-I (P = 0.01). No other genetic effect estimate was detected (P > 0.1).
Relative to the temperate Bos taurus breed (Angus), plasma concentrations of IGF-I were numerically greater in tropically adapted breed types. Brahman cows have greater concentrations of IGF-I relative to Angus cows (Simpson et al., 1994 (Simpson et al., , 1997 Alvarez et al., 2000) . During an estrous cycle, Senepol cows, another tropically adapted Bos taurus breed, had concentrations of IGF-I that were intermediate to greater concentrations in Brahman cows and lesser concentrations in Angus cows (Alvarez et al., 2000) , and Brahman cows tend to have greater concentrations than Angus cows when maintained in a semiarid environment (Obeidat et al., 2002) . Purebred Brahman and crossbred Brahman cows had greater circulating concentrations of IGF-I compared with Angus and Charolais cows (Spicer et Means within a column and effect that do not share a superscript differ (P < 0.05).
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No interaction involving these effects was detected (P > 0.35).
2
Sire breed effects were not detected in d 0 data (P = 0.49). (Hammond et al., 1990) . Within the Angus breed, concentrations of IGF-I have high heritability (i.e., h 2 = 0.31 to 0.71), which has allowed for divergent selection of serum concentrations of IGF-I Simmen, 1997, 2000) . Thus, the present and previous studies clearly show genotypic effects on systemic concentrations of IGF-I in cattle.
Greater concentrations of GH among the tropically adapted breeds could explain the increase in circulating IGF-I as GH stimulates IGF-I secretion. In support of this theory, Alvarez et al. (2000) showed that concentrations of GH were greater in Brahman vs. Angus cattle. In other studies, concentrations of GH did not differ between cattle of varying frame size whereas IGF-I concentrations did differ (Verde and Trenkle, 1987) , suggesting that other factors such as numbers of hepatic GH receptors or inconsistent transcription postbinding may explain why cattle with similar concentrations of GH exhibit inconsistent growth patterns. In previous studies, greater concentrations of IGF-I in Brahman vs. Angus cattle were associated with a greater quantity of total IGFBP activity (Simpson et al., 1994) and greater IGFBP3 concentrations (Simpson et al., 1997) , further supporting the possibility that GH secretion is increased in Brahman vs. Angus cattle. Because IGFBP3 has a greater affinity to IGF-I than the IGF1 receptor and acts as an inhibitor to the actions of IGF-I (Baxter, 1988; Spicer and Chamberlain, 1999) , concomitant increases in IGFBP3 and IGF-I may not always result in increased IGF-I biological activity. Interestingly, a SNP in the promoter region of the GH receptor gene was associated with mean serum concentration of IGF-I in Angus cattle (Ge et al., 2003) .
Tropical adaptation influences circulating concentrations of IGF-I, with both tropically adapted Bos indicus (Brahman) and Bos taurus (Romosinuano) cattle having increased IGF-I. Recent studies have targeted the use of concentration of IGF-I as a physiological indicator of performance, particularly relative to feed efficiency (Johnston et al., 2002) . Results from this study suggest that further research is needed to fully understand the complex mechanisms that control circulating concentrations of IGF-I before implementing its use as a physiological indicator trait, especially across breed types. 
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